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I. Major Activities of the Reporting Period

A, Brentwood

1, Mathematics
The children who came o the CAI Laboratory for instruction in mathematics

followed the schedule established at “the beginning of the year. There were four
groups of 11 to 16 chiidren. Each group spent 25 minutes in the Laboratory,

spending most of its time on the programmed lessons.
Enrollment and absences. In the period from April 1 until the end of school

on June 14, the enrollment was relatively steble, Three children enrolled during
this period, and the only withdrawal occurred four weeks before the end of school.
On June 1%, the total enrollment was 51.

There were several absences of a week or more because of either mumps or
chicken pox, and one child was absen® for 12 days because of severe burns. Other
absences were infrequent.

Procedure for hendling new students., On the first day of a child's enroll-
ment, the laboratory classroom teacher'%orked with him individuelly in the class~
room to determine where in *the mathematics program the child should be placed.

There were always questions from a new child about where all the other children

were going and what they were going to do. The new child was told the other
children used special machines to help them learn arithmetic, and that on the
next day, he would also be able to use a machine,

On the second day, the new child was assigned to a student station, and &
proctor explainsd to the child the workings of the earphones and the light pen,
and how to touch the happy face below his name to start the lesson. As soon as it
was clear that the child understood how %o respond, the proctor left the child to
work independently with the direction to ask for help at any time. The proctor
was also alert to any change in answer mode, for example, answering by typing
instead of by pointing with the light pen. The child was given further instruc-
tion as soon as he came to such a lesson.

None of these students had any difficulty in starting work with programmed
material at this time of year. Thelr progress was as good as children of compa-
rable ability, who had been in the project for the entire year,
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Terminal room procedure, The terminal room procedure was essentially the same

as for the previous reporting period. There were three proctors whose primary
duty was to help individual children, and one proctor who was responsible for
handling mechanical problems.

Two types of equipment were used by the children in connection with the
material presented on the terminals. Rulers were used to measure drawings on
worksheets that were coordinated with given lessons. The children typed the
answers to various questions asked about these drawings.

Beads strung on heavy wires were mede available. for the children to use in
finding sums and differences. The children requested beads from 8 proctor if they
encountered a lesson in which they wanted objects to count. As‘the children
became more assured in addition and subtraction, the requests for beads decreased.

A significant change was.made in the method of handling proctor calls. A
proctor call occurs when a child fails to meet the criterioﬁ established for a
given lesson. A proctor call also occurs when a new audio tepe or film reel is
needed at a particular station. When the children complete their lessons without
remedial branches, audio tape and film reel changes occur frequently, often as
many as one per child per day. Thus, proctor calls were at times s¢ numerous
that some children had to wait before receiving help. To alleviate this problem,
the children whose proctor calls were for lesson failures were sent to the lab-
oratory classroom with a note telling on what particular concept the child needed
help, unless the failure was a simple matter of not understanding the method of
answering;

Classroom procedure, The classroom procedure was changedconsiderably. As

most of the children began to spend the entlre period doing lessdns on the machines,
the classroom teacher often functioned as an additional proctor.

However, when the number of proctor calls in¢reased.as’described earlier, the
classroom teacher remained in the classroom to help those children who had lesson
failures, She gave help for whatever period of time was necéssary. In some cases,
& child was able to return to his station within five minutes. In other cases, it
was necessary to help a child every day for a week or more before he was ready to

return to the programmed material,
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This was quite an efficient way of handling proctor calls for lesson failures,
The load on the proctors was substantially reduced, the classroom teacher was able
4o work with a number of children at a time without difficulty, and most important,
the children very much appreciated receiving help with their problems for as long
as necessary.

This procedure required thst the classroom teacher be very familiar with the
programmed material, anticipate the areas in which the children were most apt to
need help, and prepare in advance meterigls on a wide variety of topics.

Programmed curricuium. During the period from April 1 to June 24, most of

the children were doing programmed lessons on addition and subtraction to 10}
some progressed through sums greatar than 10, Other topics included counting
dimes and pennies as an introducktion to the numbers from 10 to 20 and as readi-
ness for the study of place value; number words Zero through ten; one half of an
object; measuring isolated line segments and sides of polygons; recognition of
similar figures in various sizes and positions; and concave figures.

By far the most difficult lessons were those in addition of the form,

a+ _ _=c or __+Db=C

A1l but three children required additional classroom help with this topic.

Table 1 shows the number of children in each book during & given week.

Those children who advanced farthest by the end of the year had done few
remedial lessons during the entire year, while the students who completed the
fewest nunber of books spent a great deal of time on remedial work.

Leboratory classroom curriculum. There were five days when all children
spent the entire period in the classroom. During these periods, the children
studied telling time to the hour snd counting pennies, nickels and dimes, Con-

siderable work with real clocks and real coins was done, &s well as a small

number of written exercises on these topics.
story problems, in which the teacher told the story and the children responded
verbally or in writing. To solve the story problems, it was necessary to apply

meny of the concepts learned throughout the jyear,

In addition, the curriculum included
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A few of the children who worked most quickly occasionally finished all of the
available programmed material and had to remain in the classroom for one or more
days while additional material was being readied. During their time in the class-

room, these children studied constructive geometry using material from Sets and

Numbers, Grade 1, by Patrick Suppes and from Geometry for the Primary Grades, by

Newton Hawley and Patrick Suppes.

Testing., ‘During May; two tests were given to each child in the project.
The group test, Stanford Achievement Test, Primary I Battery, Form W, was given
to seven classes throughout the school district as well as to the two classes in

our project. The individual test, School Mathematics Study Group Test for

Culturally Deprived Children, was given only to the children in this project.

The analysis of *these test data will be made during the summer., No results

are available at this time.
2. Reading

Remedial second-grade students. Thirteen remedial reading students from two

second-grade classrooms were brought in the system on a daily basis during this
reporting period. They adapted quickly to the environment and their progress
was satisfactory. The classroom teachers reported an increase in interest and
application to classroom reading instruction by the students involved in the
program, Detailed comments about their rate of progress will be found in the
following section.

Analysis of student performence. Some gross preliminary analyses were made

of student performance as that performance was reflected in the weekly reports.
The analyses and findings have been reported in some detail in Wilson and
Atkinson (1967)*. The following is a summary of those findings:

‘8. no sex differences were found in overall rate of progress.

‘b, statistically significent sex differences (i.e., girls excelling boys)
in accuracy of response were found in only one problem block: word-list learning,
which is essentially a rote-memory, paired-associate learning task.

Spread on main line. Certain’ prcblems comprising a central core-within the lessm.material

ére considered main-line problems in the sense that they are problems which each

student must master. A student may be branched around blocks of main-line

* Computer-based instruction in initisl reading: a progress report on the
Stanford project. Tech, Rept 119, Psychology Serles, Institute for Mathe-
matical Studies in the Social Sciences, Stanford University, August 1967,




Teble 1, Number of Children in Each Book of
Programmed Mathematics Curriculum, Shown by Weeks.

i Book April April April April May May May May May 29- June June
3-7 10-14 17-21 24-28 1-5 8-12 15-19 22-26 Jure 2 5-9 9-1

6c 3 1 1
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8
9A
10
9B
14A
4B
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17B 20
18A 4
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* Two children enrolled,vstarted in Book 8.
#*% One child enrolled, started in Book 18A,
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problems by successi.l', passing ceriain screening tests, Or the other hand,

e student may be brauc::d tc appropriate remedial mazerial if he -has difficulty
with these central prcolems; but in every case, ue is returned to that set of
mein-line psoblems for which remedial mararial was introduced.

. Each lesson contains en average of 125 main-line protlems. Therefore, the
numter of lessons completed by a studen. mey be used as an index of the number
of main-line problems successfully comple~ed, Ffigurz 1 shows the numbter of
mein-line problems completed each week by the fastest, slowest and mediarn student.
Figure 1 was derived by identifying +he studen® wno hLai completad the most

lessons or: the final student progress report for the week of June 1b and, from

‘the same report, identifying tne median sv.udsny and the slowest student, con-

sidering only those students who %ad begun the program on November 15, 1966,
New ztudents who had mcved into the school and the remedial second-grade
students are not considered ia the derivation of Figurs 1, or in any of the
data reporisd here, '
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”be FIEYr ended with & difference tenwsen “he fastest and slowest student
of’h,125 problems completed. The 1nter-qnartile range was 1,375 problems and
the medien student completed 2,625 main-line problems., There was, however, a
rather wide variation in the amount of time spent on the system by the students.
In order to teke this variation dnto account, a rate-ofbprogress score was com-
puted by dividing the number of probiems completed at the end of the year by
the number of sessions that the student had on the system. The cumulative rate
of progress for the highes%; lowest, and median student is showr in Figure 2,
expressed in terms of number of main- ine prcblems completed per hour of instrue-
tion. The range in rate of progress was between 35 problems per'hour for the
slowest student to 170 main-line problems per hour or the fastest student.

The inter-quartile range is 45 to 11C with the meiian at 75 problems per hour.
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Figure 1. Number of main-line reading problems completed each week by
fastest, slowest, and median students. '
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Figure 2: Number of main-line reading problems completed by highest,
lowest, and median students, per hour of instruction.
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A graph of the cumulative rate of progress for the remedial second-grade
studentS'after eight weeks of instruction is compared in Figure 3 with that -
of the regular first-grade students at the end of their first eight weeks of
instruction, The range of the second-grade remedial students was from 58 to 131
main-line problems per hour with the median at 104, It is interesting to note
that the bottom of the second-grade remedial distribution falls just under the

 median of the first-grade distribution.

From the standpoint of both the toval nunberlof mein-line problems completed
during the yeer and the rate of progress, it is clear that the CAI reading cur-
riculum is accounting for individual differences on at least one dimension (i.e.,
the movement of the individual student through the lesson meterial). The dif-
ferences noted in Figures 1 and 2 must not be confused with a variation in rate
of response, The differences in the rate of response between.students was very
small; the average rate was approximateiy four responses per minute. The dif-
ferences in the total number of main-line problems completed and in the rate of
progress can be accounted for'by the amount of remedial material, the optimiza-
tion routines, the number of corrections, and the number of accelerations for
the different students.

Sex differences. The weekly progress report data\are examined for evidence of

of sex differences in overall rate of progress and accuracy of response. Briefly-
summarized, the analysis indicated that:

‘a; there were no sex differences in rate of progress, and

b. statistically significant sex differences (i.e¢., girls excelling boys)

' appeered in only one problem block: the word-list learning block which is

essentially a rote-memory paired-associate learning task,
A complete d1scussion of thls analysis is reported in Wilson and Atkinson i

(1967 ).
" Achievement tests. Even though this first year's operation of the system |

has been viewed~as-essentia11y an extended debugging process, we felt that a
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comprehensive end-of-the-year testing progrem might yield some interestin
sights into the potential impact of the program on overall reading achievement.
Accordingly, a battery of tests was assembled which would measure achievement
in each of the major areas of reading behaviors taught at the first-grade level.,
The behaviors identified and included in the testing program were:
‘as  Identification of letter and letter-sirings.

| ‘e, Acquisition of an initial sight vocabulary.
E ‘e, Acquisition of word decoding skills:

(1) initial consonants

(2) initial consonant clusters

(3) medial short vowels

(4) final consonants

"

g in-

‘d.  Acquisition of reading comprehension skills:

(1) word meaning
(2) syntax or form class for sentence comprehension

(3) paragraph comprehiension:
a., main idea
b. recall of facts
Wherever possible we chose standardized tests of the reading behavior to be
evaluated, In several cases, the tests only approximated what we were trying

to measure, or they were not pure tegks of a single reading behavior. As far

as we could determine, none of the available test batteries included tests of

all the reading behaviors listed above. It was particularly difficult to find

group-administered tests measuring a child’s ability to decode words and the

child's knowledge of syntax or form class pehavicrs. Therefore, Ruth Hartley

of the project staff devised tests of these bhehaviors.
The tests which were chosen for %this test battery were derived from the

following sources:
‘s, Gates-MacGinitie Reading Test, Primary A, Form 1, 1965 edition.
‘b. Celifornia Reading Test, Lower Primary, Form W, 1957 edition with
1963 norms. ﬂ
Stanford Achievement Test, Reading Sectious, Primary 1 Battery,
1964 edition.
‘a’  Project developed tests.
The students in the CAI mathematics program provided an ideal control
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group., Analysis of the individually administered Stanford-Binet I.Q. tests at
the beginning of the school year indicated that the students in the reading
program and the students in the mathematics program mey be considered as two
samples from the same population. The mean I.Q. for the reading group was 92.5
(standard deviation 15.6), and the mean I.Q. for the mathematics group was 91.8
(standard deviation 14.6). Any "Hawthorne effect” which might be induced by
the CAI experience is controlled, since the mathematics students had an equal
amount of time on the system but for a different subject matter., The mathe-
matics students received a program of reading instruction which might be termed
traditional, relying primarily upon the Ginn and the Allyn and Bacon first-grade
readers, | |
All tests, with the exception of the Stanford Achievement Tést, were admin-
istered by members of the project staff, assisted by graduate students from the
School of Education at Stanford University. Each tesfing team, consisting of
a project staff member and a giaduéte stu&ent, administered a given test for
all of the students in order to eliminate tester effects. The Stanford Achieve-
ment Test was administered by the individual classroom teachers as part of the
testing program of the State of Caliifornia, All tests were conducted within
the normal classroom setting. The testing program was carried out during
May, 1967. ' ) |
Overallwpesultso The results of each of the above tests and their major

subsections were examined in a series of three-way analyses of variance (treat-
ment, high/low I.Q., sex). No significant interactions were found in.any of
the analyses., The expected significant differences on the I.Q. and sex vari-
ables were found throughout the tests and are of 1little interest here. The
means and stendard deviations for each tést for the experimehtal'and control
groups are shown in Table 2, It is inteféstihg to}nbte that with the excep-
tion of two cases (Stanford Achievement Test, paragraph reading and total score)
the direction of differences between the means is in.favor of the experimental
group.
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Table 2

Mesns ard Standard Deviations: * Major Test: Sections

*% Raw Scores

P P TN e e e e e
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Experiment Control ! Significance Levelé
Mean | S.D. Mean S.D. , v
Gatest ‘ | - |
Vocabulary 41.1 9.26 : 39.3 9.01 N.S. g
Comprehension 39.5 8.93 ! 38.8 9.12 N.S. z
Total 385 | 9.07 , 37 9.02 N.S.
C.A,T.* : |
Vocabulary § 45,9 1,76 38.1 ; 2,02 p < Q.01
Comprehension P41k 2.51 40.6 | 2.16 N.S.
Total ; k5.6 | 0.58 39.6 1.01 p < 0,01
1 S.A.T.* § |
. Word Reading 40.3 4.8 | 40,0 | 2.4k N.S. 3
Para. Reading 36.0 9.73 ? 38.5 | L.o7 N.S. §
Vocabulary ¥1.7 | 3.89 1 LO.T | 2,05 p < 0.01 i
Word Study 45.9 | 3.72 4,9 2,50 ; p<0.,01 i
.+ Potal 4,2 5.80 Lb.6 3.76  N.S. |
s‘ ~ |
; Project** ? % !
Form Class 8.6 5.23 6.4 4.9 i 0.01 <p <0.05
Vocabulary 17,7 1 k.16 15.7 4,27 = p<0.01
Pronunciation j11.28 | 10.21 ; 4.9 7.66 : p<0.,01
Phonetic Discrim. | 14.06 i 20,07 | 10.63 i 15.32 § p <0.01
o z
* Standard Scores: M =50, S.D. =10
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The test battery mey be divided into two major categories:

‘a) tests designed to evaluate the goals and linguistic orientation of
the CAI program, and

‘b, tests designed to evaluate the outcomes of a quite different approach
to initial reading (i.e., ‘the traditional basal reading series approadh).
j Differences between the means of each of the project developed tests were
‘ statistically significant, and in the pronunciation test, were fairly drematic,
E Statistical significence was also achieved in three of the eight sub-scales of
| the standardized tests. Two of those sub-scales, however, the vocabulary sec-

tion of the California Achievement Test and the word-study skills section of

the Stanford Achievement Test, were composed of & series of tests of sub-skills.
It was necessary, therefore, to investigate the possibility that large differ-
ences on one or two of the sub-skills might be exerting an influence powerful
enougn to produce significance in the sub-scale as a whole., Accordingly, the
gcores on each test of sub-skills were examined in the same three-way analysis
of veriance as described sbove. The results may be seen in Table 3, The
significance levels held in g1l four of the sub-skills for the word=-study sec-
tion of the Stanford Achievement Test and in three of the five tests of sub- j
skills in the vocebulary section of the Celifornia Achievement Test.

T PR

The impact of this year's CAI instruction on reading performence may be
more readily visuelized when the results are tabulated by reading behaviors
which were measured in the evaluation program, as in Teble 4, Eight of the
nine tests of decoding skills resulted in differences in favor of the CAI
group which were significant at the .05 level, and in six of those eight tests
the significance was at the .0l level or beyond. Three of the tests of com-
prehension at less than the peragraph level resulted in differences in favor
of the CAI group which were significant at the .05 level. No significant
differences were found in the tests of comprehension at che paragraph level.
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The ebove results are most encouraging for the potential impact of CAI on
initial reading in light of the fact that even the fastest student in this
Year's program progressed only & small fraction of the way through the first
year's curriculum (Figure 4). The curriculum was designed with the expecta-
tion that the able student would be able to complete approximately 180 lessons
in the first year, As may be seen in Figure L, the top student in this year's
program completed only approximately 22 per cent of the expected total number
of lessons, The average student in this year's group completed only 11 per
cent of the total first year's program.

D ED S ED D AR ED S D ED S SD ED TP GD GD SD D SD D WD GD (e WD wm

Table 5 shows the sequence of consonant and vowel patterns presented at
the eight lesson levels, The first eight lessons on Level III were occupied
primarily with ec and cen patterns, Thus, a comparison o Table 5 and
Figure § will verify that no student in this year's run had been exposed on
the CAI system to more than seven basic patterns: ac, cac, ccac, ic, cic, ec,

and cec (where c stands for any consonant and each vowel is specified). This

D D D e D ED SR eh D A ED W D WS DGR g S WS D wn e W A

minimel exposure was sufficient to produce = significant increase in perfore
mence in nine out of the ten tests of decoding skills. Some transfer of learn-
ing is evidenced by the fact that six of those nine tests were commercial
standardized tests whose vocabulary and word patterns were not based on the
Stanford CAI program. Transfer of training is also born out by the cbserva-
tions of the éiassroom teachers involved, particulariy the teacher of the low
maturity group. She has reported that a noticeasble percentage of the low
group of students were discovering word patterns in their classroom reading
instruction and generalizing those word patterns in the attack of new words,
The most consistent results were found in the area o decoding skills, -
which is exactly the area of initial reading which is handled in greatest
detail in the Stanford CAI program, On the other hand, results in the compre-

hension tests were mixed, with nc significent differences being found in tests
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, | Teble 3

Means &nd Standard Deviations: Sub-scales

|
Experiment Control Significance Level
: . Mean S.D. Mean 1 S.D.
"% i
| Co -
? C.A.vT. 1
i :
Vocabulary:
Word Form 18.3 5.13 15.0 5.30 p < 0.01
Word Recognition 13.4 L .87 11.7 4,50 0.01 < p < 0,05
Opposites 6.2 2.96 5.7 2,70 N.S. |
Picture Association 8.2 2,92 6.8 2.26 p < 0,01
Letter Recognition 21.2 5.17 20,6 | 6.20 N.S.
S.A.T. i
Word Study:
Audio Perception
Beginning Sounds 9.87 2,71 8.00 | 2.70 p < 0.01 |
Ending Sounds 8.89 277 6.78 | 3.13 p < 0.01 |
Phonics 10.20 2454 8.89 | 2.70 i p <0,01
Phonograms 7.28 2.88 " 6,33 | 2.18 ¢ 0.01 <p <0.05




Table 4

Significance Levels of Teésts of Reading Behaviors

Reading Behaviors Measured Test* Signiflicance Level
01 .05 N.S.
A. Decoding
1, Letter and Letter String Identification 1l X
X
2. Initial Sight Vocabulary 3 X
hP
3. Word Decoding Skills 5 |
6
7 | X
8 X
o
10°
B. Comprehension
1, Word Meaning from Picture Cues 11
12 !
13 i
2. Word Meaning - Vocabulary 1
15 , X
3. Understanding of Syntax and Form Class 16° ﬂ X
4, Sentence, Paragraph and Story Compre- ;
hension 17 i X
18
19 2 ] b4
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Teble 4 (cont'd)
Number of
*Test Items
1. C.A.T., Letter Recognition Test 2L
2. C.A.T., Reading Vocabulary-Word Form
Test I, Section A 25
3. C.A,T., Reading Vocabulary-Word Recognition,
Test I, Section B 20
: 4, Hartley Vocabulary Test 20
| 5. S.A.T., Word Study Skills
g Auditory Perception of Beginning Sounds 14
6. S.A.T., Word Study Skills
| Auditory Perception of Ending Sounds 1
; T. S.A.T., Word Study Skills
e Phonics - Recognition of Word from Spoken Cues 1L
8. S.A.T., Word Study Skills
Phonograms - Rhyming Words ~ 14
9. Hartley, Phonetic Discrimination 40
10, Hartley, Pronunciation Test 20
11, Gates, Vocabulary Test - Picture Association 48
12, S.A.T., Word Reading - Plcture Association 35
13. C.A.T., Vocebulary - Picture Association
Test I, Section D 15
4. S.A.T., Vocebulary 39
15. C.A.T., Vocesbulary - Meaning of Opposites,
Test I, Section C 15
16. Hartley: Form Class 20
17. Gates, Comprehension Test o
18. C.A.T., Comprehension - Test 2 15

19. S.A.T., Paragraph Meaning 38
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of paragraph comprehension. It must be noted that even the fastest student

in this year's program had not reached the level in the lesson materials where
exercises on the comprehension of connected discourse is introduced, It is
also true, as stated earlier in this paper, that the comprehension exercises

in the Stanford CAI curriculum are more of the nature of data gathering

» devices than they are a well-defined and complex teaching effort,

g Projected distribution of students: 1967 - 68. An experiment was run

| during the last week of the 1966-67 operation in which all of the students
were placed in selected lessons of advanced material where all known problems

of branching structure, display formats, and audio search procedures had been

corrected, The projected distribution of students at the end of the school

year 1967-68, shown in Figure 4, is based upon that experiment. It is
expected that the mean number of lessons completed by June 1968 will be 120
lessons with a range of 60 - 180 lessons.

3. Data Reduction for Mathematics and Reading.

The major activity of this reporting period has been the production and

improvement of the daily and weekly reports for the mathematics group, the

reading group, and the classroom teachers, During the second half of this

reporting period, several programs were designed and created which will allow
us to take a more detailed statistical look at last year's activities,
In preparation for an in-depth evaluation of our first year of operation,

a major portion of our activity has been the reorganization of the student-

response data. The most informative pieces of data have been taken out of
their natural chronological ordering and reorganized, In some cases, they are
arranged according to the student who had made the response; in other cases,

according to the particular lesson on which the student was working.
B. Teletype Drill and Practice in Elementary Mathematics

The number of students enrolled in the drill-and-practice program
increased from 877 during the previous reportiﬁg period to epproximately 1500
in June. All students did not have daily lessons. In most cases the increased
enrollment resulted from requests to add additional classes which ran on alter-
natévdays. Thus, though the number of students enrolled in the program nearly

doubled during this reporting period, the average daily run remained relatively
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Figure 5. Number of users in teletype program, shown on a daily basis.
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constant. The total number of users is shown for each day in Figure 5 below.

These figures also include logic and algebre students.

The schools involved in the program up to June 15 were:

Grant School, Cupertino grades 3-6, and 2 EHM* classes

Walter Hays School, Palo Alto grades 2=56, and 1 gifted class
of fourth graders

Oak Knoll School, Menlo Park grades 1-3

Clifford School, Redwood City grades 3-6

Ravenswood High School, East Palo Alto grade 9, remedial arithmetic

Breckenridge School, Kentucky grades 1-6

Elliotsville School, Kentucky grades 3-6

Kentucky schools dismissed late in May and began summer sessions June 12,
The number of machines was increased to 28 for the summer through the use of
line concentrators which allowed all the machines in Kentucky to be operated
over a single line from Stanford. During the summer session, Bréckenridge
School, a laboratory school at Morehead State University, will use the drill
materials for grades 2 through 9. Rowan County School will use the drill
lessons in grades 2 through 6. The Upward Bound Program will use grade 9
lessons.. An adult education program will use drills for grades'S, 6, and 9.

In addition, a teacher-aid program will be provided witn fifth-grade lessons.
C. Teletype Program in Modern Algebra and Symbolic Logic

1. Class Progress

During the reporting period the class of selected fourth graders continued

their work on logic and algebra. Thirty students at Walter Hays Elementary
School in Palo Alto used the teletype daily for 6 to 10 minutes, Logic and
algebra were presented on alternate days. Materials were developed and pro-
grammed for a complete course in sententiel logic and the standard axioms of
modern algebra. The two programs were progressively converged so that both
sentential and algebraic steps appeared in many proofs. Also, the length of

derivations was increased to as many as 17 lines. An outline of the lessons

* Emotionally Handicapped Minor
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in sentential logic and in modern algébra folloWs, Table 6 shows the range
| and mean number of problems completed by the students during the reporting
| period, Table 7 shows the median poiut reached in the logic and algebra

------------- - e ae e W ey i P e W e

‘ B - Insert Teble 6. ibout here

programs, and the range of the points reached in each program, A combina-
tion of hardware and program diffieulties during the absence of our program-
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f ,  Insert fTeble 7. about here
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mer forced us to limit the program to the algeoraic derivations during the
final two weeks of school, The teletypes were used for a total of 43 days.
An average of 23.8 students per day . used the machines, The number of users
was limited by student absences and machine difficulties.

2, Algebra Progrem

Curriculum descriptions' Studentsfderived simple ‘algebraic facts using
‘a. the commutative law for addi%ion

‘», the associative law for adat ﬁion

7;: & definition of number, and-

'd, rules which allowed replacement of & number with its definition and

replacement of the definition with the defined number.

At the teletype the student was asked to derive algebraic facts. Instruc-
tional material was presented boﬁh on the computer and in the form of a semi- |
programmed text which the students had available at the teletype. The text
was used in the following ways Upon reaching a new lesson in the curriculum,
the program would type & message o the student telling which part of the
text he should work through before continuing at the teletype. Table 8
shows the number of problems in each lesson.presented, the cumulative number
of problems completed by ﬁhe end of eadh lesson, and the new rules introduced.
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Progress in curriculum end program writing. During the quarter the cur-

riculum writer continued to log in curriculum on computer files for use by
the algebra program. Debugging was aiso carried out to determine that the

lessons were properly logged in. The curriculum writer also began work on

e computer program designed to analyze data received from the algebra program,

In addition to determining latencies on student performance, the data analy-
sis program will orgenize student proofs into classes of proofs. These
classes of proofs are of interest in enalyzing how the students solve the

problems, that is, what steps they choose to do the proof.

3. Logic Program
Procedure. A trained logician was present to give on-line individual

help as needed. The help was standerdized as much as possible and records

kept of any instruction given. Brief instructions were typed out for the
student. The most frequently used response mode required the student to
type ebbreviated rule names and the numbers of the lines to which the rules
were applied, The machine responded by typing the result of applying the
rule, or it typed out an error message explaining why the rule could not be
abplied as specifiéd. The other reSponse mode programmed at the end of
Merch was that of multiple choice. This was used in vocabulary drill and
studies of strategy, and to reinforce the reading of instructions. During
this reporting period individual help was restricted and students were
encouraged to work independently. Results of this procedure were highly
satisfactory.

Lesson content. Taeble 9 shows the number of. problems in each lesson
presented, the cumulative number of problems completed by the end of each

lesson, and the new rules introduced in each lesson.

D. Elementary Russian Project

1. Computer-based Russian Comprehension Experiment.

A pilot Russian comprehension experiment was conducted as planned. Our
ten pilot subjects were Stanford graduate students, only one of whom had
knowledge of Russian, All ten of the pilot subjects were well acquainted

PR L
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Teble 6, Number of Problems Completed in
Symbolic Logic and Modern Algebra

f Mean Range

| Logic | 56.5 3L - 87
Algebra 97 .3 67 - 120
Total 153.6 107 - 203

Teble 7. Point Reached in Program

Median Range

Logic Lesson 10, prob, 25 1/2 Lesson 8, prob. 9 to
Lesson 14, prob. 6

Algebra Lesson 91, prob. 5 Lesson 87, prob. 4* %o
Lesson 93, prob. 16

%* one student at Lesson 87, prob. 4; next at Lesson 89, prob. 1




Table 8.

80
81
82
83
8l
e 8
86
87
88
89
90
91
; . o®

93
O
7
96
9
o8

929
100

101
102

Algebra lessons, Number of Problems, and Rules Introduced

Number of
Problems
Lesson in Lesson

10
15
20
15
20
23
20
13
20
21
11
20
17
17
21
17
20
20
1k
20

30

29
30

Cumulative Numbers of
Problems Compieted by
End of Lesson

10

25

45

60

8¢
103
125
138
158
179
190
210
227
2lY
265
282
302
322
336
356
386

415
445

Rule Introduced

New rumber definition

Number definition

Associate addition to the right

Inverse definition

Associate addition to the left
One literal rumber in expression
Two literal numbers in expression

Commute multiplication

Associate multiplication %o the right

Associate multiplication to the left,
distribute right, and distributive law

Zero law

Inverse zero law
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with the concepts and mechanics of computer-based instruction. Question-
neires were administered to these subjects after each experimental session.
Their comments, together with our own observations and Jdave analysis, allowed
us to make substantial revisions, modifications and improvements in Loth
experimental material and the computer program,

Following these changes, the experiment proper began with undergraduate
students, who had no knowledge of Russian, as subjects, We plan to run a
total of 4O subjects., Thirteen have already been run, Tne progress report
will include findings with these 40 subjects.

The equipment used in the experiment included the PDP-1 computer, Pnilco

READ displays and keyboards, CRT visuai displays with iight pen, and Westing-

house audio units (prodac-50).

2, Computer-based First-year Russiarn Course

The development of cur computer-tased first-year Russian course is pro-
ceeding as planned., Thirty machine sessions have veen completely outlined.
Each outline specifies the sequence of vocabulary items and grammatical
points to be covered in that particular lesson, A manual and a coding scheme
for the lesson programmers have been compiled., Three lesson programmers
have been trained and are currently generating the actual texts of the
sessions from the outlines, Twenty sessicns have already been written, of
these, eight have been enterad, corrected, and run throughn whe first pre-
processer, These lessons are ready 10 ©be recorded on Lapes and tested on
students., The remaining 12 lessons are teing entered and corrected. S0
far there have been no delays, and work has been complieted accordlﬂg to
schedule. '

Preparation of processer programs. Two programs fave teer written to

process the text written by the lesson programmers., Tae first operates on
the code symbols used by thé,lesson programmers 1O COnverwv the coded %text

to a complete text of the session, consisting of a series of audio and tele-
type messages to the student and the typed responses he is to make, This
text will serve as a script ror recording audio messages. The second pro-
gram converts the output of the first to machine language instructions used

by the computer itself., Only the first program is debugged, but the second

g b A AR R RS Rk e e
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will be ready by the time the audio equipment is received.

As soon as the first Ampex tape recorder is received (see equipment
used, below), recording of‘the lessons will begin and student copies will
be made from the original master tape. The testing of the first lessons
with pilot subjects will begin immediately thereaftver and will continue for
a final check of the matverial,6 programs, and hardware.

Preparation of course text. EBach guarter, studends in the compuser-

based course will receive the same final exams as students following the
conventional course. This will allow a preliminary evaluation of the
respective merits of the two methods of teaching. Extensive analysis of
the data obtained during the learining in our course will furnish us with
more detailed information of great praciical and theoreticzl significance.

Equipment used. The six teletlypes ordered Irom wne Telenype Corporation,

Model 3S, have been installed arnd are operational. Each has a cyriliic
alphabet set on the keyboard, and Types in %oth Russiszn and English. In
the second week of June, Tape recorders were ordered from the Ampex Corpora-
tion, They are described in Tablie 1C,

Inser+ Tavle 10 about here

Ttem 1 will be used for recording., Itens 2 and 3 will ve inssalled in the
student stations. In addition, item 2 will function as an auxiliary record-
ing machine whenever the main recording machine is being serviced. All

items will be installed and in operation weil in advance oFf the fall quarter.
E. Syswems and Operations

1. Stanford-Brentws0d 1500 Syswen

Herdware. Our original 1442 card read punch consinually gave us trouble,
We requested and received & mechanical replacement., The new 1L2 has, in gen-
eral, operated quite well, There have been periods when it gave many punch
checks, but it has done a better job than the original 1uk2,

The original order for =he 1500 system specified 24C2 Model 2 wagnetic
tape units (60KC), There were none available, so our system was delivered
with Model 3 tape units {Q0KC). At the end of May we received the Model 2

T -




Table 9. lLogic Lessons, Number of Problems, and Rules Introduced

Number of Cumulative Number of
Problems Problems Completed by

Iesson in Lesson End of Lesson Rule Introduced
19 19 Affirm the antecedent
2 8 27
7 3k Affirm the antecedent: two-siep
derivations
L 15 L9 Form a conjunction
p) 21 70 Left conjunct; right conjunct
6 20 90 Deny a disjunct
T 21 111 Deny the consequent
78 20 131 Multiple-choice vocsbulary frill
79 19 150 (gt o e sing period)
8 17 167 Double negation
9 21 188 Hypothetical syllogism (firss problem
using both sentential snd algebraic
rules)
10 27 215 Form a disjunction
11 17 232 Extensive sentential-algebra, ‘
multiple-choice N\,
12 18 250 Commute disjunction; commute conjuﬁc—
tion
13 27 277 English by multiple-choice mode
1k 16 293 Dominance; conditional, sntecedent,
consequent, English conditional
15 25 318 Conditional proof
16 20 338 Omitting some parentheses; denial’ as

one-place and &s two-place predicate
17 ak 362 Indirect proof




Item

Table 10

Description

AG-UL40-2 in Console Mount 3-3/% to 7-1/2 ips
AG-4L40-2, Rack Mounted 3-3/4 to 7-1/2 ips
AG-4L45-2, Rack Mounted 3-3/4 to 7-1/2 ips
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units, and the Model 3 units were returned, After inst.’lation of the Model
2 units, we experienced a severe writing problem. The difficulty was traced

to two cards in the drive 1 write circuitry. Once these cards were replaced,
the tape units ran without trouble.

The disk drives became misaligned and caused difficulty for a few days.

The 1802 memory had some adjustment problems; and four logic cards in the
addressing unit went bad.

Most of the above hardware problems occurred in a three- week period
at the end of May and beginning of June, The hardware troubls caused much
frantic activity and many late nights for the Systems personnel, but very.
1ittle student time was lost. The production operation was most hard hit.

The terminal gear has been running quite well. There have been isolated
problems at the stations, but they never caused the entire system to go dowm.,
Software, In mid-June we received a new version of the operating system

which tredts defective disk: cylinders 4n & more efficient way than th2 pre-
vious version of the system.. The new system uses a defective cylinder taocle
in sector O instead of setting up "holes in the work file to bypass bad
cylinders. ‘

 Just before tne new system was installed, we completed & pack-to-tape~
to-pack program.which eriables us to. keep all but immediately needed lessons
on tape. Since this program allowed us to be tape- reather tnan di sk-oriented,
the installation of the new system involved very little disk pack conversion,
We did, however, have to redo the disk and file handling subroutines for off-
line programs. During this modification we added a garvage-collect routine
to the file handlers to collect adjacent iree files on the disk and hence
make more eff1cient use of disk space. | |

The course segment reasgembler has been @odified to ve more efficient and |
reliable.

The CAI character end graphic dictionaries have been modiried to allow
combined debugging of mathematics and reading lessons.

When the new operating system was installed, the Coursewriter II fdon't
care! character was changed from X to aliernate code X, to avoid confusion
with the 'x' multiplication character,

2, Stanford PDP-1 System
The speciai hardware interface for the DEC-taps magnetic tape drives was

completed. Appropriate software changes in the time~sharing system
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now allow tape operations to be performed simultaneously with normal time-
sharing activity. |

Two PDP-8-680 systems were delivered and accepted at the Stanford Leb-
oratory. Initial PDP-8 progremming, the PDP-8/PDP-1 hardware interface, and
modifications of PDP-1 software were completed with both PDP-8's operating
at Stanford. One PDP-8 was then shipped to Morehead, Kentucky for final
installation and debugging., After initial delays in installation of the
leased telephone line between Stanford and Morehead, routine on-line opera-
tion began June 19, with 27 teletypes in service. This initial operation
provides for multiplexing teletype input and output over a single high-grade
line, simultaneous use of the PDP-8's console teletypes as an intercom link
between Stanford and Kentucky, and remote PDP-8 program loading from Stanford
over the phone line. The PDP-8 programs are edited and assembled using the
PDP-1 time-sharing system and loaded directly into the core memory of the
local PDP-8.,

Portable teletypes with acoustic couplers are now being used routinely
through the two data-phone connections to the PDP-1, allowing access to the
computer from any ordinary telephone. Two such teletypes were used on &
daily basis in Morehead, Kentucky through May and June, until operations
were shifted to the PDP-8 multiplex sysiem. Demonstrations of the teletype-
drill system were conducted via acoustic couplers in St. Louls, Salt Lake
City, Las Vegas, Chicago, Montreal, and Albuquerque. This technique has
proved far more satisfactory than use of the TWX teletype network.

During this period an analysis of the future computer sysiem require-
ments of the Laboratory was undertaken, and a preliminary survey of avail-
able equipment was initiated., To meet commitments for the latter part of
1967, an additional 64,000 words of core memory were orderad to be inter-
faced through special hardware to the PDP-1 and PDP-8. This extra core
memory will be used for real-time data storage to cut down access demands
on the disk file. It will furnish a prototype operation for future tech-
niques of handling large numbers of teletypes. Negotiations were also
initiated for expansion and later replacement of the disk system.

Twenty-two teletypes and a PDP-8-680 system capable of operating 20

teletypes on-line were ordered for installation in McComb, Mississippi.




A leased telephone line between McComb and Stanford and additional line
interfacing for the Stanford PDP-8 were also ordered to permit a mode of
operation similar to that now employed for Kentucky.

Two of the local leased lines were moved from Ravenswood High School
in East Palo Alto to Roosevelt Junior High School in San Jose, California
for operation during the summer session, |

Print boxes and keyboard caps using a Russian character set were
received for the Model 35 teletypes used in the Russian program at'Stanfordo

IT, Activities Planned for the Next Reporting Period
A, Brentwood

1, Mathematics = .

Writing, coding, art production, audio recording and debugging of second-
grade material will be ‘the major activity of the next reporting period,
Anelysis of first-grade data will continue.

2, Reading v '

The lesson programmers will continue coding and debuggirg the lesson
material in Levels IV and V. They will also revise Levels I and II in order
to correct known problems that could be remedied only when children were not
running on the machines. This revision will eliminate redundant audio,
improve audio search procedures, and revise restart points.

' The writing staff w1ll revise the introductory lessons and design
lessons 0 teach letters by using a newly acquired function capability.

The staff will also develop a teacher's manual., Four Brentwood teachers
‘will assist the staff with the manual during a six-week workshopc
3, Data Reduction e e

For the next reporting period we plan to use the reorganized data to
conduct an in-depth study of our first year ‘of operation., The data reduc-
tion group will also be involved in activities designed to facilitate the
study of next year's operations.

B. -Teletype Drill and Practice in Elementary Mathematics
Two teletype machines will be used in Roosevelt Junior High School in ,
San Jose, California beginning Jjune 26. Lessons for grades 5, 6, and 9 §
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will be provided for Mexicen-Americen children in remedial arithmetic
classes,

During the next reporting period a four-week teacher-training workshop
will be held at Stanford for Mississippl teachers who will be involved in
the project in September. Summer schools will continue until August 11,
after which modifications in program and teacher reports will be made in
preparation for the expanded operation in the fall. Work on test results
for the past year's program should be completed during this time also.

C. Teletype Program in Modern Algebra and Symbolic Logic

At the end of the quarter a revision of the program was planned to be
used with & new group of beginning students in the fall of 1967. Students
in grades five through eight will participate in & teletype program at five
celifornia schools: Oak Knoll School in Menlo Park, Clifford School in
Redwood City, Walter Hays School in Palo Alto, Grent School in Cupertino,
and Garden Oaks School in East Palo Alto. It is expected that our experi-
ence this year will enable us to write materials for which the students
will need & minimum of instruction or help from a teacher.

During the next reporting period, the lessons for the revised program
will be written in complete detail and programmed for the computer. In the
program, sentential and algebraic deductions will be completely integrated
into one program.

New topics will be introduced in multiple-choice mode. This mode will
be used for vocabulary drill, strategy suggestions, and hints. In general,
g few simple one-step derivations will be given using each new rule., Then
there will be a few multiple-step proofs using the new rule, followed by
derivations using any of the rules already presented, These will include
English examples, symbolized sentential derivations, derivations requiring
both algebraic and sentential rules, and purely algebraic derivations. All
will be interspersed with problems in the multiple-choice mode., In sections
with longer problems, occasional short problems will be inserted. Table 11

shows the schedule for lesson completion.

Insert Table 11 here




Teble 11,
for Revised Algebra and Logic Drills

Date

May

June

July

8
15
22
29

12

19
26

10

17
2k

31

Lesson Completinmn Schedule

Lesson to be Completed

oo o F P

10
12
16
20
2l
26
29
32
36
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The concept blocks have also been planned for the revised material to be
used with beginning logic students,

In addition, an extension of the fourth-grade algebra-logic curriculum
will be prepared for the fifth grade. This program will unite whe logic and
algebra into one curriculum, The program will give the students & set of
axioms for the field of rational numbers., With this se: of akioms and
logical and non-logical rules of inference and definitions, the students
will prove properties of the fileld of ratioral numbers, These proofs, as
well as the instructional material, will be done exclusively at the tele-
types. Because of extensive changes in the computer program, it will not
be necessary to supplement the program with instructional material in the
form of an off-line text, Extensive use will be made of hints and multiple-
choice problems for instruction,

It is planned that situdents occasionally will construct their own
theorems and prove tnem on-line, These theorems will chen bz aveilable for
use in future proofs. |

Off-1line instruction in the classrcom will consist of problem-solving
exercises related to the axioms and theorems proved on-lire. Students
will be required to use the axioms and previously proved theorems in these
problem-solving exercises,

Further off-line instruction will include illustrations of properties
of the field of rational numbers by use of the notions of a number line,
co-ordinate system, transformatiocns, rotations, and reflectionsov Approxi-
mately 29 students will participate in this program.

D, Elementary Russian Project

We will finish running subjects in the Russian comprehension experiment
and will analyze the data obtained. We will also continue the development of
the Russian course and will run pilot subjects prior to the veginning of the
fall quarter at Stanford University in September, 1967.

E, Systems and Operations
1., Stanford-Brentwood 1500 System
TSX has been used for all Fortran pregrams. Since there have been many

problems with TSX, analysis programmers have experienced great difficulty

in using that system. In order to alleviate the problems, we plan to expand
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our batch monitor to include Fortran capability and to allow subroutines for
both Fortran and assembly language to reside on the monitor disk. This

expansion will be a major activity for the summer.

2, Stanford PDP-1 System

The number of on-line teletypes in Morehead, Kentucky will be increased
to 32, and all teletypes will be modified to permit turning the motors on
and off by remote control from the PDP-1. This technique should signifi-
cantly extend the service life of each teletype, as well as improve central-
ized control over the teletype network.

A 100-circuit cable will be installed between Pine, Cedar, Casita, and
Ventura Hells on the Stanford ceampus., It will allow use of teletypes out-
side of the Pine Hall computer area without the need for telephone lines
and deta sets. Initial use is planned for the McComb Teachers' Workshop
and the Stanford Russian program,

Negotiations will continue on expansion and replacement of the disk
file, and for GSA service-sharing facilities on the long-distance telephone
circuits, A request for proposals will be issuved to several manufacturers
for expansion of the central computer facility, and negotiations will be
started for obtaining equipment for use in September, 1968.

A PDP-8-680 system and teletypes will be installed at McComb, Mississippi
end connected to the PDP-1 via leased phone line., Additional core memory
will be installed for the PDP-1 and the time-sharing system, The drill
program will be modified to meke efficient use of the new mémory,

Work will continue on & floating-point algebraic compiler for use in
data analysis. Further efforts will be made to maintain and improve system
reliebility. The PDP-8 program will be refined %o allow more sophisticated
message handling and error-recovery techniques on the multiplexed network.
The two leased lines to Roosevelt Junior High School in San Jose, California
will be moved to another school within the same district.

Demonstrations via acoustic coupler are presently scheduled for Chicago

and Berkeley.
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III, Personnel

A, Brentwood

1, Mathematics

Patricia Clute and Constance Ihrke have joined the staff as teachers,
Two new coders have been added to the staff: Joanne Bergel and Lucy Steele.
One cader, John Prebus, was transferred to a position as a progremmer for
the Systems Group. |

Several part-time and full-time teacher-consultants and coders have

been hired for the summer,

2, Reading

During this reporting period, Helen Perigo, Janet Snyder, and David Miller
have Joined the staff as full-time lesson programmers, John Steers was hired
as & half-time lesson programmer,

Two artists, Sybil Selldorff and Beth Jensky, have left the project.
The reading project is now contracting with two commercial firms for con-
tinuing art production.

3. Data Reduction

There has been no change in the Data Reduction Group's staff.

B, Teletype Drill and Practice in Elementary Mathematics
Margaret Cochrane has been added to the permanent staff, and Ann Ukena

has been added for the summer.
C, Teletype Program in Modern Algebra and Symbolic Logic

James Newland will replace Constance Ihrke as instructor for the class.,

Mr., Newland is planning the off-line instructional material.
D, Elementary Russian Project

Staff additions during this reporting period are an input coder,
Dr. Elizabeth Popova, and three lesson programmers, Robert Sholiton,

Constence McClintock, and Sandra Frederick.
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E, Systems and Operations

1. Stanford-Brentwood 1500 Systenm
Gilbert Smith, graveyard shift computer operator, resigned. He has been
replaced by John Johnston.

T
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To augment Mr, Johnston's six days & week of production, William Wilson
was hired part-time to run production Saturday nights. Mr, Wilson, being a
graduate student, left for summer vacation in mid-June. He hés been replaced
by Deirdre Thorne, who works Sunday afternoons rather than Seturday nights.

Roulette Smith, three-fourths time systems programmer, transferred to
the logic-algebra group in the Tnstitute., He has been replaced by John
Prebus, formerly a coder with the math group. Mr. Prebus works full-time,

To alleviate the need for the curriculum groups to provide a machine
proctor for student sessions, and to keep better track of terminal hard-
ware problems, the Systems and Operations Group will acquire a full-time
mechine proctor, by either hiring another person or shifting an existing
member of the staff into that position. |

2, Stanford PDP-1 System :

Joan Freed was hired for the summer as a lesson coder, returning to
the position she held the previous summer, Xathleen Thompson was hired as
.8 part-time lesson coder for the summer, having had considerable previous
experience with the project.
Jenice Stone and Jean Brief resigned their positions as computer

programmers.




